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The repeat shortening effect we developed was thought to be due to the
fixation of the slip-out structure formed during transcription, which affects recognition by DNA
repair factors and results in shorter repeat lengths. Inspired by this idea, we aimed to develop "a
novel repeat-binding molecule that accelerates the induction of shortening of abnormally elongated
(CXG)n repeats." Using the CGG repeat-binding molecule as a model, we synthesized NCD-epoxy with an
electrophilically active epoxy group, but it was chemically unstable. On the other hand, by using

APOBEC family proteins, which are cytosine deaminases, we found that cytosine on the repeat sequence
can be used as a substrate.



¥ X C—19. F—19—1, Z—19 (@)

1. WFERHE S YO 5

Mass XUEMERE, N F o bR, HREEY A e 7 4 —72 0 E— i (K1) X, B R
7 LHOY E— NSO BREMESCREEFAZIERNE T 5 EHEOMRENREBTH D, [V
E—hDES] BNEWIEE [B8EFR] 2MET L, DER] NEEICRL2E, VE—FELHR
RENE RIS 5720, U B — MIEMHNC X 2 RBIEIMH S ORIEEEDOHEITI L B AAD
Z &, U BE— NMEMEIZ X AIERFERSED QOL SEEN LR EN TV D, Ak 26 FFEEIZBHAG L
T-HRERHEERFSE TV B — MEAE D FE2 7o —T7 ¢ L2 M) X7 LAF KU BE— MO I L
N G U—H5E] IZRBWT, U E— MNEA DR & F DR EBE LR, N TF U b
IRET IV T ADPREGIEA~D S F T 7F Vo T7HR ) nr (NA) ) OEBEREIZ X D CAG
U B — hOmfE R (K2a), FHE/MEMIER/NMAMEIE (SCA) 31 MET Ly avyay
NREOHE~ 5T [FT7F VD BN A — NZ A ~— (NCD) | DIEERIZ L B EIRZS NI
2 (X 2b), IHIZ, CUG Y B— MEES T IM642 OAIRICEII L, fiEET A he 7 ¢ —F
TN YAIT, AT IFTA U TREORE (M2c) %, ZREIVEEL LV THER LT,

He 5 XIERBE | Friedreich&# | | BBEEYZ 07— OM]) |
(CGG), #&% ~50 (GAA), f&% ~22 (CTG), &% -~ 40
FIE > 200 woo R \|/ FAE > 1000
5—4}] S —— 0T — 1] -3
5’ JERRIES, fvhBy 8 - 36 I 3 JEmTREs
(cTe), Avs (CAG), > 40  TAA

s S XEAEMRRE [/\>F> kv (HD) |

B1. KRBV E-MRICEITZ I E—REIIEZDT/ LICEHITZFEESE

SCATESIL (©

yamYgeNT [Exon 21]—{Exon 22 |—Exon 23 |
v e/ N\ DM1

[ I I ] I ]
FE‘QP(;?QZE} + ex22 isoform — ex22 isoform

Exon 222B=pNX 16% 32% XA
+ex22 E - -_
—ex22 T N e—

150 155 160uE—h - dose (mg/kg) 0 10 20
K2. YVE—MEERFICELS (a) YE—FMREM. (b) ERZEEEM. () A7V Y/ EEEE

2. WEDB

Y ORI Ay M%x_ §.¥

—p [

d(CAG)n /' §> H Y E— kMR
dCcTen N\ ¥ _gi
|

—> - — e [ ]

UE—k U E— N EiE
=y

E3. VE-FROEREBRANZIALEVE-MEEDFICLBEERZNULY E— MNERSHEE

IHNETOY E— MESS TR TIZ, U E— MEHI~ORESIC I Y S 0DEENT
2 A~OME] = TR L, EERSEE LV TOMEN LT L TE22, [V v— MES
DFIEE DN TR T AR L~ UL TIEMEZ B L TV D O 2 | BN EfR 3 5 Z & A3,
AR OO 2 T F IRV & LT - TN m, — 07 BRBIHEERT 72 2 B As L 7= B & 1k
ﬁﬁb\ﬁﬁﬁ@%VNW?%@%%?@ﬁ@ké%%%ofwko%%\H%®%®X?—V
E LT EERNT B ZAA~ONREEMINCTAET 20 T ORGHIEFT o3& ) S HBr Lz,
ﬁﬁﬁ%%btuE~%FAA%®U&01%5M®)t—bﬁ%ﬁ%i AR S FFOIEHE R
EALTHRBEINTWDZ EAURBRENTZ (K3), T7hbb, BmEORIIER SN D d(CAG) U



E— F DT EUREE (ZY v T MEE) ICNA DS L, FORELZBEET S 2 LT, DNA
BERNTFIC L 2B NE D> TEEREICEEZRITL, R LTI E—-NERELS D L
EZ N, ZOZEICEMREZET, [V E— NMEfEHEA2INEST 5, B1H R 2 BEmAIIEEL
TEHHHY B — MEAD T DARIREEZEZT-e NA DN F U B URET LT ATOY BE'— |
BRERIT 4B T3V E— MEETH Y | EEWERER E~DREBETIRDIT1E, U B — N
FHEDNREREEC BT DMER D 5T, RKEEFE T, FHEEMEORME E L TRIZ L
MER L~V TRHENBEIND Y B — MNEAD T OV B— NONEEE O 5y 7145 2 B3
L7, Flo, X0 ERORBBA~DOEBELBET H7-010, TREMELZCXGn Y E— RO
EREREAZIET DY v — MEAS T OBIRZAE Lz,

3. WFFED Ik

TRROMEIZHOWNT, HFFEEED -,

1) NCD #&EERALI LS T DAL RO D ANEZh S O RRFT

U E— MESSTIZ C66 U B— MIFEE T 5 NCD %3O, NCD 5 AT C DAL it D AE
HRE, B DU —UEEA A I T AL ARG TRE L7, NODICEE Y UV BRE IR
FEAIZ X 0 HES /72 NCD-Bpy 24k L. CGG/CGG, 5mCGG/CGG, TGG/CGG Iz fEa4 5 2 & %k
BLTERIC, Wb A A I U LA FHEILTOZ U v 7T MLz by, bm-v by, 30
DOER{LI % HPLC 12 & 0 BHF L7~

2) KRETHEIEELAET DY ©— MEA 57 NCD-epoxy DAL & i
1) OFERICHESNT, 7V T T UMY M Z2TAXRMET HZRXF 2675 NCD-
epoxy ZHERE L7,

3) VhIUTTIF—PBICL BT v T T T R b DIEE RO
BEgMmEY ©— MIBERMICEA L, UV E— MESIBEKRT2~ATELRNOY h 20T
ML F BRI S  INET 5 0 FORIkZ BIEL T, ¥ M rD3ERS LIT47 I/
AL T & D{LEM NCD-epoxy Z AL L. T OILFELUSHE & CoU ~OALF A2 2 5
ARTC&E 208, NCD-epoxy DAL RLEEMDTZD, 7V v T T R by DT T I3 —T 3

ATONWTHRT LT,

4. WFIEERS
1) NCD #&EGENLITEE T OALZE DM

(@ 02

0.15 o

0.1

Aabs.

ﬁéﬁ%@*ﬁgﬂ— w/o ligand .
NCD-Bpy 7% CGG V B — MESNIZHES T D 0.05
TEEMERT O L L BIT, MEkA R 0 ' , ' ' .
v LIRS, T6GG/CCG BlFID 7 Y v 0 2b N N
T RLIETZECOIZFIV T a— (©
SR E L=, F 7 ) a— L DAR
X, FIvZ ) a—LEx2E5htY) dv— T
B EY UUAFE TSN LT, DNA 85 340+ | |oql |
ZHIWrL7=Db, KisD U VEREEE T L \
BV T H AT 7 L= PRI LR
-1, BEONT /22O WNTELOA Y I J
~— L OWBIC LD R LI, T, v JEHAE =2
FooR5 —AF A b T, By mot ||| 5h
FOSIEFEFIZEE < | B LA R % et N 90 min L
B L ETE AN ST, TAUCE D . ND 1 ——romn o4
DFEGICEY 7Y v 7T ok Lzt o 15 20.0™
M. TEORIEH E ORISR ST

WH T RSN L,

2) REFHEHRIEEZHT D) E— MEE DT NCD-epoxy DAL & i
NCD IZkFLC=E 7 mibe RU VAERHSE L HEEZHOTARERT Lz & 2 A, ILEITIE
S 12D E D NCD-epoxy 455 Z LN T&E 72, NCD-epoxy DAL FHILEMEZFHEI L7 & 2 A, X
EOEWTZRFUEEET AL, T, AR UL ST I AL O R 1) T
D ERENL ALEMB S OALFEISHERIEF IZEm <. —FH, BEMEMENZ ERHA L E
otz FEERIZ, DNA “AHE DS b3 vy NICHET L7z 2 A, pHT.0 DRy 77—
RIS E & OSfEFEEII ORIC, RO CGG/C66 B & DAL SN U= Al REME 1K
WRTBEMEDRIB S TN D, pH FF7 Bl K 2B A5 X matd 2 & & bz, (BLFEMIARE
EMEDRRER 21T > T 5,

ZEZHNAHRRIZ, ST I AKX DRV EORBRETH S LRSS, UHZ D=4k
7RI onTIE, EENKFICBW T e hMESZITTCT VRS U AR E RS TVND
720 SREEMEIFEER LTV D EB X TN, 0 TFHNOREMN TR S U REOBBRKISHEIT L T

L
o.aoln-bloo.'-.-.o-.o-o"

NCD + Bpy
I

210

fraction of T1 stran

min



WA RTHEMED 8 B, — 7  NCD—epoxy DA F L A 2 1T LR Er— b8k L& 25,
(b2 eI E L7 b OOFEE A MIETO Y b v & DORINTIBIE TX 7eino Tz,
Cl

R
H H

H
N__N__N__ O _~_N_~_O_N_N_N cl H OH H
s Ns Nz
hig g W e N__N_N__O_~_N_~_O_N_N_N
A o 0 w * ‘OBR THF D T T Y]
60°C, 22 h N ) PN
yy130

o 7.6%

R
H H
NaH IN\ Ny NYO\/\/N\/\/OYN _N /Nl
THF A e} o X
r.t., 10 min
yy133

7%

3) VMU TTIF—RBIZLD TV v T T T by by DIEE RO

VYT T ISV AFEFO APOBEC 7 7 RV —EAEEAWSZ LIk, £EY E— b
BEANZBIT DY b T T I 3= a v OMREET D Z ERAREE o7z, TO/RE, VY
— MR T D IAT Yy T E2ELAT EUEEICBWT, 6 2EER, b LIL60EERD
72U B — MECHIZS APOBEC 7 7 2 V) —EHE Ol R WEE L b Z v bhoT-, — 7,
CGG, CAG DV E— 7 liE, HBFEVVWIEE TIIRWZ LRGN oz, THHDOMAES
b, AT EUREEERFFIZ CC I Ay TFROT-TIAY Yy TFEERT DU B— R L0, Ak
DOHREICHRDEWD B— MFITH D Z & ¥ boro7-, CCG, CTC U B— MEFNZHERT D
B TALEMER NS Z EICED . 2O T OMEEBERRICRIETHELZ AMEL L2 &N
FREE D Z LN b o T,

TCX motif CCX motif
(TICA)s TCT)e TCC)o (TCG), (CCA), (CCT), (CCC)y  (CCG)y
+ + + + + + + + + + + + + + + + A3A
- + - + - + - + - + - + - + — 4+ NCD
e

—-— - —

.o w - -
R
= = 5= =
et o -

APOBEC A3 % F(hts SH 72V v — NS D 7 /L ESTKENX, NCD 2L TWAHBZEDRITH £
NERO BN -T=, ZhE, NOD OFEERH W=D EEZ NG, 5%, 2D E— L
FNHERT DIRD FEHWD Z L2 | BEERER DRSS TOREL MBS D5 2 &6
LERINT,



11 11 0 4

Murata Asako Mori Yuki Di Yue Sugai Ayako Das Bimolendu Takashima Yusuke Nakatani 60

Kazuhiko

Small Molecule-Induced Dimerization of Hairpin RNA Interfered with the Dicer Cleavage Reaction 2021

Biochemistry 245 249
DOl

10.1021/acs.biochem.0c00920

Furuzono Tomoko Murata Asako Okuda Satoshi Mizutani Kenji Adachi Tsuyoshi Nakatani 36

Kazuhiko

Speeding drug discovery targeting RNAs: An iterative "RNA selection-compounds screening cycle" 2021

for exploring RNA-small molecule pairs

Bioorganic and Medicinal Chemistry

116070 116070

DOl
10.1016/j .bmc.2021.116070

Dohno Chikara Hagihara Masaki Binti Mohd Zaifuddin Nursakinah Nihei Mizuki Saito Kaoru 57

Nakatani Kazuhiko

Small molecule-induced trinucleotide repeat contractions during in vitro DNA synthesis 2021

Chemical Communications 3235 3238
DOl

10.1039/D1CC0O0349F

Simeth Nadja A. Kobayashi Shotaro Kobauri Piermichele Crespi Stefano Szymanski Wiktor 12

Nakatani Kazuhiko Dohno Chikara Feringa Ben L.

Rational design of a photoswitchable DNA glue enabling high regulatory function and 2021

supramolecular chirality transfer

Chemical Science 9207 9220

DOl
10.1039/D15C02194J




Das Bimolendu Murata Asako Nakatani Kazuhiko

49

A small-molecule fluorescence probe ANP77 for sensing RNA internal loop of C, U and A/CC motifs 2021

and their binding molecules

Nucleic Acids Research 8462 8470
DOl

10.1093/nar/gkab650

Konieczny Patryk Mukherjee Sanjukta Stepniak-Konieczna Ewa Taylor Katarzyna Niewiadomska 49

Daria Piasecka Agnieszka Walczak Agnieszka Baud Anna Dohno Chikara Nakatani Kazuhiko

Sobczak Krzysztof

Cyclic mismatch binding ligands interact with disease-associated CGG trinucleotide repeats in 2021

RNA and suppress their translation

Nucleic Acids Research 9479 9495
DOl

10.1093/nar/gkab669

Hagihara Masaki Dohno Chikara Saito Kaoru Sugimoto Kazuhiro Hishinuma Yuta Sohma Yuri 50

Shibata Tomonori Nakatani Kazuhiko

Short Tandem Repeat Contractions during In Vitro DNA Synthesis by Repeat-binding Molecules 2021

Chemistry Letters 1848 1851
DOl

10.1246/cl.210415

Deshmukh Amit Laxmikant Caron Marie-Christine Mohiuddin Mohiuddin Lanni Stella Panigrahi 37

Gagan B. Khan Mahreen Engchuan Worrawat Shum Natalie Faruqui Aisha Wang Peixiang Yuen

Ryan K.C. Nakamori Masayuki Nakatani Kazuhiko Masson Jean-Yves Pearson Christopher E.

FAN1 exo- not endo-nuclease pausing on disease-associated slipped-DNA repeats: A mechanism of 2021

repeat instability

Cell Reports

110078 110078

DOl
10.1016/j .celrep.2021.110078




Matsumoto Jun Nakamori Masayuki Okamoto Tatsumasa Murata Asako Dohno Chikara Nakatani 26
Kazuhiko
The Dimeric Form of 1,3- Diaminoisoquinoline Derivative Rescued the Mis- splicing of Atp2al and 2020

Clcnl Genes in Myotonic Dystrophy Type 1 Mouse Model

Chemistry, A European Journal

14305 14309

DOl
10.1002/chem. 202001572

Yagi Yuki Yamada Takeshi Nakatani Kazuhiko 59

Chemical Probing of Thymine in the TGG/CGG Triad to Explore the Deamination of 5-Methylcytosine 2020

in the CGG Repeat

Biochemistry 2679 2683
DOl

10.1021/acs.biochem.0c00333

Shibata Tomonori Nagano Konami Ueyama Morio Ninomiya Kensuke Hirose Tetsuro Nagai 12

Yoshitaka Ishikawa Kinya Kawai Gota Nakatani Kazuhiko

Small molecule targeting r(UGGAA)n disrupts RNA foci and alleviates disease phenotype in 2021

Drosophila model

Nature Communications 0000-0000

DOl
10.1038/s41467-020-20487-4







